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PARTICLES AND FIELDS I N  THE MAGNETOSPHERE 

by 

B r i a n  J .  O 'Br ien  

Department of  Space Sc ience  
R i c e  U n i v e r s i t y  
Houston, Texas 

INTRODUCTION 

T h e  most ex tens ive ly - s tud ied  space d i s c i p l i n e  o f  t h e  p o s t -  

Spu tn ik  p e r i o d  i s  t h a t  o f  t h e  " p a r t i c l e s  and f i e l d s "  i n  t h e  

upper environment o f  t h e  e a r t h .  Some 700 ins t ruments  on over  

100 s p a c e c r a f t  have been used t o  make measu re r ;x t s  o f  t h e s e  

phenomena. Consequently,  ove r  one b i l l i o n  r e l e v a n t  measure- 

ments have now been made i n  space,  and a n ' a p p r e c i a b l e  pro-  

p o r t i o n  o f  t h e s e  w e r e  made during t h e  p e r i o d  o f  t h e  q u i e t  sun,  

i . e .  du r ing  t h e  IQSY. 

' 

However, because  of long  l e a d  t i m e s  and u n c e r t a i n  launch  

d a t e s  i n  space f l i g h t s ,  it i s  d i f f i c u l t  t o  i s o l a t e  I Q s Y  a c t i v -  

i t i e s  per se. T h i s  review t h e r e f o r e  i s  in t ended  t o  summarize 

t h e  p r e s e n t  knowledge o f  magnetospheric p a r t i c l e s  and f i e l d s .  

The need f o r  an i n t e r n a t i o n a l  coord ina ted  program (such  

as t h e  IQSY) has  o f  cour se  b e e n  recognized  on s e v e r a l  occas ions .  

T h i s  need can be shown t o  be p a r t i c u l a r l y  t r u e  i n  s t u d i e s  of 

a u r o r a l  and magnetospheric phenomena, s i n c e  t h e s e  phenomena 

are n e i t h e r  control lable  nor r ep roduc ib le ,  as are  many 131 ) o r a t o r y  

measurements. Thus a concer ted  world-wide s tudy  o f  i n d i v i d u a l  

phenomena - sxh  as w a s  pe rmi t t ed  and encouraged by t h e  IQSY - 
can y i e l d  f a r  more worthwhile s c i e n t i f i c  r e s u l t s  t han  t h e  

e q u i v a l e n t  number o f  uncoordinated s t u d i e s  o f  s e p a r a t e  " e v e n t s " .  
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HISTORICAL GENERAL REVIEW 

I n  t h e  1930's, Chapman and F e r r a r o  [1932] a f t e r  n o t i n g  

t h a t  g r e a t  "world-wide" a u r o r a s  occur red  a day o r  t w o  a f t e r  a 

ve ry  l a r g e  solar  f l a r e ,  specu la t ed  t h a t  t h e  energy t h a t  sus-  

t a i n e d  t h e  a u r o r a s  w a s  supp l i ed  by co rpuscu la r  r a d i a t i o n  emi t t ed  

i n  t h e  s o l a r  o u t b u r s t .  They considered o n l y  t h e  rare " g r e a t "  

a u r o r a s ,  and envisaged t h e  geomagnetic f i e l d  a s  hollowing o u t  

a c a v i t y  i n  t h i s  fas t - s t reaming flow o f  so la r  p a r t i c l e s .  

Subsequent ly ,  Pa rke r  [1959]  sugges ted  t h a t  t h i s  solar- 

c o r p u s c u l a r  flow might be cont inuous and due simply t o  t h e  

immersion of t h e  e a r t h  i n  t h e  supersonically-expanding h o t  

atmosphere o f  t h e  sun. Th i s  plasma flow came t o  be c a l l e d  t h e  

"so lar  wind". I t  w a s  a lso recognized t h a t  a u r o r a s  occur  con- 

t i n u o u s l y  [O'Brien,  19671 and so t h e  r e l a t i o n s h i p  o f  a u r o r a s  

and t h e  solar-wind as i t s  u l t i m a t e  source  o f  energy seemed 

even closer, a l though no d i r e c t  t h e o r e t i c a l  causal  l i n k s  w e r e  

e s t a b l i s h e d .  

F i g u r e  1 i l l u s t r a t e s  c rude ly  t h e  comparison between t h e  

magnetospheric  concepts  of t h e  1 9 5 0 ' s  and one  o f  t h o s e  o f  t h e  

1 9 6 0 ' s .  T h e o r e t i c a l  i d e a s  and d i r e c t  space  measurements have 

developed a concept  shown i n  more d e t a i l  i n  F i g u r e  2 .  The 

supe r son ic  solar  wind, t r a v e l l i n g  a t  around Mach 5 ,  is o b s t r u c t e d  

by t h e  geomagnetic f i e l d ,  so t h a t  an enormous c o l l i s i o n l e s s  

shock f r o n t  i s  set  up (see F igure  2 ) .  Behind t h e  shock f r o n t  

t h e  s o l a r  wind p a r t i c l e s  are thermal ized .  Due t o  the  f i g h t  f o r  

c o n t r o l  be tween  plasmas and l o c a l  magnet ic  f i e l d s ,  t h e  thermal-  

i z e d  so la r  wind sweeps back the  geomagnetic f i e l d  i n t o  a comet- 

l i k e  t a i l  behind t h e  e a r t h  ( see  F i g u r e  2 ) .  The l e n g t h  o f  t h i s  

t a i l  h a s  been e s t ima ted  t h e o r e t i c a l l y ,  and estimates d i f f e r  

by f a c t o r s  of  a thousand or more, b u t  it does appear  t h a t  t h e  

t a i l  r eaches  beyond t h e  o r b i t  o f  t h e  moon. 
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Aur o r a s 

Auroras  are amongst t h e  m o s t  s p e c t a c u l a r  of geophys ica l  

phenomena, w i t h  t h e i r  tremendous v a r i a t i o n s  i n  shape, b r i g h t -  

nes s ,  color  and t i m e  and he igh t .  During t h e  IGY, r o c k e t  

f l i g h t s  i n t o  v i s u a l  a u r o r a s  demonstrated t h a t  m o s t  of t h e i r  

energy came from t h e  k i n e t i c  energy o f  e l e c t r o n s  of s o m e  1 t o  

10 kev  as  t h e y  bombarded and w e r e  absorbed i n  the atmosphere 

a t  a l t i t u d e s  of  some 100 t o  150 km. Subsequent ly ,  through t h e  

IQSY, d i r e c t  p robing  of t h e  magnetosphere w i t h  r o c k e t s  and 

sa te l l i t es  has  sought  t o  f i n d  t h e  sou rce  of t h e s e  a u r o r a l  

e l e c t r o n s  and t h e  p r o t o n s  t h a t  sometimes accompany them. 

u n f o r t u n a t e l y ,  however, t h e  u l t i m a t e  a c c e l e r a t i o n  mechan- 

i s m s  t h a t  g e n e r a t e  t h e s e  a u r o r a l  p a r t i c l e s  r e m a i n  s t i l l  l a r g e l y  

unknown. However, it does appear ,  as ske tched  i n  F igu re  2 ,  t h a t  

a u r o r a s  form a p i v o t a l  role  i n  t h e  b a t t l e  f o r  supremacy between 

t h e  solar-wind p a r t i c l e s  whose k i n e t i c - e n e r g y  d e n s i t y  f a r  exceeds 

t h a t  o f  t h e  i n t e r p l a n e t a r y  magnetic f i e l d ,  and t h e  innermost 

r e g i o n s  o f  t h e  magnetosphere, where t h e  s t r o n g  geomagnetic 

f i e l d s  " t r a p s "  Van Al len  charged p a r t i c l e s .  

I t  i s  i n t e r e s t i n g  t o  p u t  i n t o  c o n t e x t  t h e  average  amount 

o f  power d i s s i p a t e d  world-wide i n  a u r o r a l  phenomena. 

average  power i s  about 1000 M e g a w a t t s ,  o r  about  10% of t h e  world- 

wide e lec t r ic  power d i s s i p a t e d  by mankind. However, t h e  t o t a l  

power brought  by t h e  solar  wind t o  t h e  magnetospheric  s u r f a c e  

i s  so l a r g e  t h a t  o n l y  about  1% o f  it need be tapped  t o  s u s t a i n  

a u r o r a s .  N o  t heo ry  h a s  y e t  been developed t o  i n d i c a t e  whether 

t h i s  1% e f f i c i e n c y  f a c t o r  is  "reasonable" o r  n o t .  

T h e  
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Besides  t h e  basic r e s e a r c h  p o t e n t i a l i t i e s  i n  space-borne 

s t u d i e s  of a u r o r a s  and t h e  magnetosphere, it i s  ve ry  impor tan t  

f o r  t h e  p ragmat i s t  t o  r ega rd  it as a v a s t  plasma l a b o r a t o r y .  

A s  such,  it o f f e r s  t o  t h e  p h y s i c i s t  t h e  o p p o r t u n i t y  t o  s tudy  

plasma phenomena on a s c a l e  imposs ib le  t o  s imula t e  i n  t h e  

l a b o r a t o r y .  

Now, it i s  well-known t h a t  i n  l a b o r a t o r y  a t t e m p t s  t o  

h a r n e s s  fus ion  p r o c e s s e s  t o  produce a pract ical  source  o f  

e l ec t r i ca l  pcwer, t h e  p r a c t i c a l  l i m i t  i s  t o  t h e  d u r a t i o n  of 

s t a b i l i t y  of  t h e  " fus ion"  process .  I n  g e n e r a l ,  t h e  s t a b i l i t y  

f a i l s  when wave-pa r t i c l e  i n t e r a c t i o n s  take place i n  manners 

n o t  thoroughly  understood. 

I n  a u r o r a s ,  as w e l l ,  v i o l e n t  a u r o r a l  i n s t a b i l i t i e s  are 

a s s o c i a t e d  w i t h  i n t e n s e  wave-par t ic le  i n t e r a c t i o n s  t h a t  are 

even less understood.  For  example, many measurements demon- 

s t ra te  t h e  occurrence  o f  a u r o r a l  " h i s s " ,  i . e .  e l ec t romagne t i c  

r a d i a t i o n  i n  t h e  VLF (audio) range, when v i s u a l  a u r o r a s  are 

b r i g h t .  There a r e  numerous o the r  examples, b o t h  i n  t h e  labor- 

a t o r y  and i n  t h e  magnetosphere, where waves and p a r t i c l e s  j o i n t l y  

i n t e r a c t ,  w i t h  s o m e t i m e s  one m a n i f e s t a t i o n  ( e .g .  waves) e x t r a c t -  

i n g  energy from t h e  p a r t i c l e s ,  e .g ,  as i n  t h e  c a s e  o f  t h e  cyclo-  

t r o n  resonance,  and w i t h  t h e  r e v e r s e  t a k i n g  p l a c e  on other 

occas ions ,  e .g .  as  i n  Landau damping. A few such examples are 

as shown i n  F igu re  3 .  

Now, it i s  n o t  in tended  t o  pu r sue  t h i s  analogy too f a r  

because  t h e  s c a l i n g  f a c t o r s  between t h e  l a b o r a t o r y  plasmas 

and t h e  magnetospheric plasmas are so g r e a t .  For  example, 

t y p i c a l  plasma d e n s i t i e s  are some 10  p a r t i c l e s  c m  and s o m e  

10 p a r t i c l e s  c m  r e s p e c t i v e l y .  Consequently i n  t h e  l a b o r a t o r y  

one i s  g e n e r a l l y  d e a l i n g  w i t h  a co l l i s ion -domina ted  p r o c e s s ,  

whereas most magnetospheric phenomena a r e  cons ide red  as " c o l l i s i o n l e s s " .  

12 -3  

- 3  
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Never the l e s s ,  it i s  important  t o  n o t e  t h e  fundamental pu re  

plasma r e s e a r c h  o p p o r t u n i t i e s  opened up by e x p l o r a t i o n  o f  t h e  

magnetosphere, and it i s  t o  be hoped t h a t  more plasma p h y s i c i s t s  

w i l l  a d d r e s s  themselves  t o  such problems. 

Van Al l en  ( t r apped)  Rad ia t ion  

Probably t h e  s i n g l e  m o s t  s p e c t a c u l a r  space  d i scove ry  o f  

t h e  post-Sputnik p e r i o d  remains t h a t  o f  t h e  d i scove ry  of geo- 

magnet ica l ly- t rapped  energy charged p a r t i c l e s ,  subsequent ly  

c a l l e d  Van Allen r a d i a t i o n  [Van A l l en ,  196%]. Figure  4 i s  an 

a r t i s t ' s  concept  showing, if you l i k e ,  t h e  e v o l u t i o n  - t o  use  

t h e  word l o o s e l y  - f r o m  t h e  I G Y  t o  t h e  IQSY. You may r e m e m b e r  

s ee ing  a t  v a r i o u s  t i m e s  drawings o f  t h e  Van Al len  r a d i a t i o n  

be l t s ,  an inne r  zone and o u t e r  zone. The reason  they  w e r e  drawn 

as an i n n e r  zone and o u t e r  zone i s  because t h e  e a r l y  experiments  

w e r e  f a i r l y  p r i m i t i v e  Geiger  t u b e s  - n e c e s s a r i l y  so then  - and 

t h e y  respond on ly  t o  h i g h e r  energy p a r t i c l e s .  These w e r e  mainly 

p r o t o n s  i n  t h e  " i n n e r "  zone and e lectrons i n  t h e  i n s t a b l e  

" o u t e r "  zone. 

There t h u s  developed t h i s  concept  o f  two d i f f e r e n t  zones,  

and v a r i o u s  theore t ica l  s p e c u l a t i o n s  fol lowed as  t o  them having 

d i f f e r e n t  o r i g i n s a n d  losses, I n  fact  i n  t h e  fo l lowing  y e a r s ,  

as more s o p h i s t i c a t e d  p a r t i c l e  d e t e c t o r s  have been flown i n  t h e  

magnetosphere, w e  have found t h a t  t h e  whole domain i s  popu la t ed  

by p a r t i c l e s  o f  vary ing  e n e r g i e s  and va ry ing  i n t e n s i t i e s .  I t  i s  

no longe r  a t  a l l  c lear  what t h e  commonality o f  source  and lo s s  

mechanisms may be , excep t  t h a t  it i s  known t h a t  a t  l o w  a l t i t u d e s  

near  t h e  e q u a t o r i a l  p l a n e  a t t r i t i o n  by Coulomb c o l l i s i o n s  w i t h  

atmospheric  c o n s t i t u e n t s  i s  t h e  dominant l o s s  mechanism. T h i s  

' f i n d i n g  r e s u l t e d  from s tudy  of t h e  g radua l  d e p l e t i o n  of t h e  

a r t i f i c i a l  r a d i a t i o n  be l t  c a i s e d  by @-decay of f i s s i o n  d e b r i s  

. from t h e  J u l y  9, 1962 h i g h - a l t i t u d e  d e t o n a t i o n  of  t h e  1 . 4  Megaton 

" S t a r f i s h "  n u c l e a r  device  ( e .g .  see O 'Br ien ,  1967) .  



-6- 

I t  i s  e q u a l l y  c l e a r  however, t h a t  a t  h i g h e r  a l t i t u d e s  and 

l a t i t u d e s ,  t h e  loss mechanisms a r e  much s t r o n g e r .  They may, 

i n  p a r t ,  be a t t r i b u t e d  t o  wave-par t ic le  i n t e r a c t i o n s  (e .g .  see 

Kennel and Petschek,  1966) which appear  t o  s e t  an upper bound 

on t h e  f l u x e s  o f  s tab ly- t rapped  p a r t i c l e s .  Another such upper 

bound h a s  been mentioned b r i e f l y  ea r l ie r ,  i n  t h a t  t h e  pa r t i c l e  

k i n e t i c  energy d e n s i t y  should be o n l y  a f r a c t i o n  ( say  0.1) o f  

t h e  magnet ic  energy d e n s i t y  f o r  stable t r a p p i n g  t o  be s u s t a i n e d .  

Two t h e o r i e s  dominate t h e  concepts  o f  t h e  cause  of Van Allen 

r a d i a t i o n .  One i s  t h e  so-ca l led  cosmic-ray neut ron  a lbedo ,  

wherein it i s  known t h a t  e n e r g e t i c  cosmic r a y s  t h a t  h i t  t h e  

e a r t h ' s  atmosphere produce upwards-moving neu t rons  t h a t  may 

s u f f e r  @-decay i n  t h e  magnetosphere, and may then  i n j e c t  e lec t rons  

and p r o t o n s  a t  such a n g l e s  t h a t  t h e y  w i l l  be t r apped .  T h i s  d u r a b l e  

theo ry  i s  now i n  g e n e r a l  d i s r e p u t e  due t o  t h e  weakness of t h e  

source ,  b u t  it i s  a p o s s i b l e  exp lana t ion  o f  t h e  very  e n e r g e t i c  

(- 100 M e V )  p r o t o n s  of t h e  inner  zone. 

The o t h e r  t heo ry  t o  which cons ide rab le  a t t e n t i o n  i s  now 

be ing  p a i d  i s  t h e  a d i a b a t i c  d i f f u s i o n  t h e o r y ,  wherein it i s  

assumed t h a t  charged p a r t i c l e s  "cross" magnet ic  l i n e s  o f  f o r c e ,  

e n t e r i n g  i n t o  r eg ions  o f  s t r o n g e r  geomagnetic f i e l d s  so t h a t  

b e t a t r o n  a c c e l e r a t i o n  of t h e  p a r t i c l e s  can occur  (see Nakada and 

Mead , 1965) .  While t h e  phenomenon can q u a l i t a t i v e l y  e x p l a i n  

s e v e r a l  observed phenomenon i n  t h e  Van Al l en  r a d i a t i o n ,  numerous 

problems remain i n  q u a n t i t a t i v e  s o l u t i o n s  as w e l l  as i n  d e t a i l s  

of  t h e  p rocesses  whereby charged p a r t i c l e s  are " i n j e c t e d "  i n t o  

t h e  magnetosphere so t h a t  subsequent d i f f u s i o n  can accelerate 

them. 

o u r  knowledge o f  t h e  i n n e r m o s t  r e g i o n s  of t h e  Van Al len  

zone h a s  reached t h e  p o i n t  where computer programs have b e e n  

developed t o  c a l c u l a t e  p a r t i c l e  dosage of  a s a t e l l i t e  or  a n  

a s t r o n a u t  f l y i n g  i n  a p a r t i c u l a r  o rb i t  a t  a p a r t i c u l a r  t i m e  
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[ V e t t e j  e t  a l . ,  19661. A t  h igher  a l t i t u d e s ,  t h e  g r e a t  v a r i -  

a b i l i t y  o f  t h e  p a r t i c l e  f l u x e s  w i t h  t i m e  and space p r o h i b i t  

any such o r d e r l y  p r e d i c t i o n s .  

The Plasmapause 

Very-low frequency (VLF) e l ec t romagne t i c  r a d i a t i o n  c a l l e d  

a " w h i s t l e r "  i s  produced by a l i g h t n i n g  s t r o k e  and d i s p e r s i o n  

of t h e  d i f f e r e n t  f r equenc ie s  as t h e  r a d i a t i o n  t r a v e l s  through 

t h e  magnetosphere ducted e s s e n t i a l l y  a long  t h e  magnet ic  f i e l d  

l i n e s .  S ince  t h e  d i s p e r s i o n  depends on t h e  p r o p e r t i e s  o f  t h e  

medium, e .g .  t h e  e l e c t r o n  d e n s i t y ,  one can use t h e s e  w h i s t l e r s  

t o  probe t h e  upper magnetosphere. 

One of t h e  m o s t  s t r i k i n g  r e s u l t s  has  been  t h e  d e t e c t i o n  

of the"plasmapause",  and abrupt  1 0  t o  100 f o l d  d e c r e a s e  i n  

e l e c t r o n  d e n s i t y  (F igu re  5) a t  an a l t i t u d e  above - 3 e a r t h  r a d i i  

[Ca rpen te r ,  19661. More r e c e n t l y ,  Frank 119671 h a s  r e p o r t e d  

t h a t  m o s t  o f  t h e  r e s i d u a l  e l e c t r o n s  ( d e n s i t y  (- lO/cc) on 

o c c a s i o n s  may have an average  energy o f  s e v e r a l  hundred e l e c t r o n  

v o l t s .  

T h i s  i n t roduces  once a g a i n  t h e  f a s c i n a t i n g  problems o f  t h e  

i n t e r r e l a t i o n  of waves and charged p a r t i c l e s .  The p ropaga t ion  

and p r o p e r t i e s  o f  magnetospheric waves depend on t h e  p r o p e r t i e s  

o f  t h e  medium. I n  p a r t i c u l a r ,  f o r  example, whether t h e  wave 

loses energy t o  t h e  p a r t i c l e s  o r  whether it e n e r g i z e s  them 

depends on t h e  energy o f  t h e  p a r t i c l e s  as  w e l l  as t h e i r  d e n s i t y  

and hence t h e  v e l o c i t y  and a l s o  t h e  f requency o f  t h e  waves. 

S t u d i e s  have been made i n  a p re l imina ry  way o f  some of t h e s e  

i n t e r a c t i o n s  (e .g .  F igu re  6 )  and it s e e m s  c l e a r  t h a t  a cons ide r -  

a b l e  advance i n  unders tanding  of magnetospheric phenomena w i l l  

. r e s u l t  from coord ina ted  i n  s i t u  measurements o f  p a r t i c l e s  and 

f i e l d s ,  where t h e  l a t t e r  inc lude  n o t  on ly  magnetic f i e l d s  b u t  

t h e  much-neglected e lec t r ic  f i e l d s .  
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Furthermore, it would appear that the plasmapause may 

indicate the boundary between plasma corotating with the earth 

and that which is involved in convective flow around the earth 

(e.g. see Nishida, 1966; Axford and Hines, 1961). The relevance 

of this hypothesis to the unknown sources of auroral radiation 

is not clear. 

Magnetic Fields 

Just as the spatial and temporal characteristics of magneto- 
spheric energetic particles have been mapped in great detail, 

so have these characteristics of the geomagnetic field itself 

(e.g. see Cahill and Amazeen, 1963; Ness, 1965; and Fairchild 

and Ness, 1967). As a consequence, new model computations have 

been made for the "real" geomagnetic field, i.e. that which takes 

into account not only the magnetic field generated within the 

solid earth, but also externally-generated fields. Of these 

"external" fields most study has been concentrated on the ring 

current and on the tail of the geomagnetic field (e.g. see Ness 

review, 1967). 

Indeed, the geomagnetic field morphology studies, whose 

accuracy and reliability were delayed for so long awaiting 

"magnetically-clean" spacecraft, are now comparable in sophis- 

tication and details to the energetic-particle studies. One 

can sketch (e.g. as in Figure 2) the postulated magnetospheric 

configuration. 

The next major advances to be made are in studies of electric 

fields and of electric- and magnetic-waves in the magnetosphere. 

, While there are preliminary measurements of these phenomena, 
.(e.g. see Nees review, 1967) the complexity of making accurate 

and reliable measurements is extreme, due in large part to 

problems associated with plasmas 

spacecraft, coupling of the antenna to the medium, and so on. 

sheaths around a detector or 
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It appea r s  l i k e l y  t h a t  s i g n i f i c a n t  s c i e n t i f i c  d i s c o v e r i e s  w i l l  

r e s u l t  from a p p r o p r i a t e  t e c h n o l o g i c a l  advances - provided t h a t  

e x p e r i m e n t a l i s t s  and t h e o r i s t s  a l i k e  n o t  s t r a y  down i n c o r r e c t  

p a t h s  due t o  inadequate  experimental  p r o t e c t i o n  a g a i n s t  such 

, p o t e n t i a l  sou rces  of e r r o r  a s  mentioned above. 

SUMMARY D I S C U S S I O N S  

I t  is  convenient  t o  summarize o u r  knowledge o f  p a r t i c l e  

f l u x e s  i n  t h e  nea r -ea r th  environment by t h e  s k e t c h e s  of F i g u r e s  

7 and 8 showing t h e  wide v a r i a b i l i t y  i n  f l u x e s  o f  p a r t i c l e s  o f  

t h e  so la r  wind, t he rma l i zed  s o l a r  wind, a u r o r a s  and Van Allen 

r a d i a t i o n .  One of t h e  p r i n c i p a l  s i n g l e  problems, o f  cour se ,  i s  

how t h e  r e l a t i v e l y  low-energy of solar-wind p a r t i c l e s  may be 

"concen t r a t ed"  on f e w e r  very  high energy a u r o r a l  o r  Van Al len  

pa r t i c l e s ,  if indeed t h i s  process  even occur s .  

F i g u r e  2 has  i l l u s t r a t e d  some o f  t h e  remarkable changes 

i n  o u r  concept  o f  t h e  upper magnetosphere, an unders tanding  

achieved  i n  many ways through coord ina ted  programs such as t h e  

I G Y  and t h e  IQSY. T h e r e  seems l i t t l e  doubt - a f t e r  viewing t h e  

t w o  v e r s i o n s  i n  F igu re  1 - t h a t  even t h e  c o n f i g u r a t i o n  o f  

F igu re  2 w i l l  be drawn d i f f e r e n t l y  a f t e r  f u r t h e r  space e x p l o r a t i o n .  

( Indeed t h e r e  are some who would c l a i m  it needs redrawing immedi- 

a t e l y ) .  

The m o s t  noteworthy d i s c o v e r i e s ,  as mentioned above, a l l  

fo l low from t h e  fact  t h a t  t h e  e a r t h ' s  magnetosphere i s  l i k e  unto  

a v a s t  plasma l a b o r a t o r y ,  wherein c o l l i s i o n l e s s  and o t h e r  pro-  

cesses are o c c u r r i n g  on a scale imposs ib l e  t o  s i m u l a t e  i n  t h e  

l a b o r a t o r y ,  b u t  f r o m  whose study we  may hope t o  l e a r n  s o m e  o f  

t h e  fundamentals o f  plasma processes .  

I n  s p i t e  o f  a b i l i i o n  space measurements, w e  remain i g n o r a n t  

o f  such phenomena as t h e  c a u s e ( s )  o f  a u r o r a l  and Van A l l e n  

r a d i a t i o n ,  and t h e i r  u l t i m a t e  source,  e.g.  w e r e  t h e s e  p a r t i c l e s  

I 
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once on the sun? From more definitive measurements and theories, 

and in particular from a deeper understanding of the fundamental 

plasma processes operative near the earth, it may be presumed 

that such understanding will come, and that furthermore it may. 

have direct relevance to harnessing fusion processes in the 

laboratory for practical purposes. 

J 
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FIGURE CAPTIONS 

F i g u r e  1: Comparison of  ske tches  of t h e  magnetosphere as  e s s e n t i a l l y  

what might have been d e p i c t e d  j u s t  p r i o r  t o  t h e  IGY (on 

t h e  l e f t )  and dur ing  the  IQSY (on the r i g h t ) .  [From 

O'Brien,  19671. 

F i g u r e  2: D e t a i l e d  ske tch  of the magnetosphere as  envisaged from 

some magnetospheric models which d e p i c t  t h e  magnet ic  

f i e l d s  as  l ' s lowlyt t  merging. O t h e r  ske t ches  can be made 

w i t h  equa l  v a l i d i t y  a t  t h i s  t i m e  b u t  w i th  s i g n i f i c a n t  

d i f f e r e n c e s  i n  d e t a i l .  [From O 'Br i en ,  19671. 

Figure .  3 :  A few samples o f  p o t e n t i a l  i n t e r a c t i o n s  between waves 

and par t ic les  i n  t h e  magnetosphere o r  i n  t h e  plasma 

l a b o r a t o r y .  

F i g u r e  4: A r t i s t ' s  concept  of t h e  magnetosphere.  N o t e  i n  p a r t i c u l a r  

t h e  " i n n e r "  and "outer"  Van Al l en  be l t s ,  now n o t  t r e a t e d  

as  separate e n t i t i e s .  [From White,  19661. 

F i g u r e  5: I l l u s t r a t i o n  of t h e  plasmapause,  showing t h e  a b r u p t  

dec rease  i n  d e n s i t y  of  thermal  e l e c t r o n s  a t  some 4 R . 
[From Carpenter ,  19661. 

E 

F i g u r e  6: I l l u s t r a t i o n  of s imultaneous occur rence  of  magnet ic  

p u l s a t i o n s  and mic robur s t s  of  a u r o r a l  X-Rays. [From 

Parks ,  19671. 

F i g u r e  7: Sketch t o  i l l u s t r a t e  r anges  o f  e l e c t r o n  f l u x e s  and 

spectra t h a t  may be encountered i n  t h e  magnetosphere 

and environment.  

F i g u r e  8: Same as F igure  7 b u t  f o r  p r o t o n s .  
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